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ON THE HISTORY GF THE EEVEliCSMENT OF SOLIlHTXmiiAFn' 

ROCKETS IN THE SOVIEr UNION* 

Yuri A. Pobedonostsev (USSR)** 

Ttoward the end of the 19th caitury, solid-propellant rockets were eclipsed by 
rifled artillery In military appUcatlcns, lost there former slgiiflcance, and became 
used only for secondary purposes such as Illumination, sigialing, and flrewccics, etc. 

This occurred because of the lack of a scientific thec»?y explaining rocket propulsion, 
the low effectiveness of the only patpellant then used In rockets — gunpowder— and the 
lack of advance In the deslgi of existing rockets that had hardly changed In the course 
of centuries. But the principal advantages inherent In the rocket remained: slopUclty 
of design and especially the simplicity and ease of mounting for launching. These con- 
siderations constantly attracted the attrition of Inventors throu^iout the world. In 
Rissla, work directed toward improving powder rockets never ceased for even a year. 

After K.E. Tsiolkovsky created the foundations of rocket-dynand.cs, the 
Intuitive attempts of Inventors to use a propellant with a hl^ier heat energy than gun- 
powder received a scientific groundli^. N.I. Hkhomlrov and I.P. Cfrave Independmitly 
proposed to use smokeless powder In rockets before World Vbi* I. V.A. Artem'ev, 

I.V. Volovsky, N.V. Gerasimov and others were respcamible for a series of Interesting 
proposals to improve the designs of rockets and their launching mounts. But not orte of 
these proposalw received official sipport In Russia. 

After 1917 the attitude toward Inventors in our country changed sharply. Even 
during the Civil War, engineers N.I. TUchomlrov and V.A. Artem'ev started work on the 
desl0i of a smokeless powder rocket and In 1921 a special laboratory was set up for these 
studies In Moscow. First they tried to wortc out a rocket engine deslgi that would func- 
tion according to existing Ideas of smokeless powder artillery, but soon they became con- 
vinced of the necessity of creating a special, slow-burning rocket powder, realized in 
the form of a solid composite charge. 
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In 1924, 0.0. RLUii^xyv and S.A. Serlkov, pyroteclsilc ^)eclallsts Moz4clng at the 
Ai?tlllei7 Acadeoy then located In Leningrad, devel<^)ed a fonnula for a new type of powder 
based on a rvan-volatlle solvart by weli^it of nitrocellulose, 23 % IWr, and 0.5< cenr 

trallte to retard burning. It was v;alled "FTP", l.e. ^yroxyllne 5® gowder. E(y 
1928-1929, the wG(t4c conducted In the Artillery Acadet^y on the new rocket ftiel fonnula and 
Its technology pennltted develc^nent of a senil^jroductlcHi technique for pr^>arlng the 
solid coo|X)sltlcn FTP by pressing the prepared powder mass Into hollow, preheated fenale 
dies. 

n^eperatlon of lor« rods of the solid composite cheirges of FTP, each with a 
diameter of 24 nin, for Tikhomirov's Moscow laboratory, ves organized In the powder 
work^xips of the Fort of Lenli^raa using the very same presses on tdilch neny years before 
the great Russian chemist D.I. Mendelyev had pr^xired sanples of smc^less powder for 
the first time. In the mld-19208 TUdxznlrov's laboratory was transferred to Leningrad 
where, during the course of several years, static tests were conducted on composite 
propellants of various sizes. V.A. Artem'ev obtained positive results in static tests of 
larger propellant charges made up of five rods compressed together with a coni)lned diam- 
eter of 76 nm, with "evai" burning over the entire surface. A rocket was soon designed 
using these solid composite charges and it was successfully tested on March 3> 1928. An 
ordinary mortar was used to laiaich the rocket and establish its trajectory in the first 
300 meters. This rocket traveled 1,300 meters overall, using half the rocket charge. 

This was the first Soviet smokeless powder rocket. V.A. Ventsel' and M.B. Serebrjakov 
also suipUed valuable help, woriclng out theoretical questions and solving practical 
problems of Internal and external ballistics. 

Having achieved the first promising results, N.I. Tikhomirov and V.A. Artem'ev 
determined to apply this krxiwledge toward broadening the scope of their work. A few 
months later. In Jvne 1928, Tikhomirov's laboratory was reorganized as the Leningrad das 
Dynanlcs Laboratory (QDL). O.E. Langemak began work at WL In 1928. He was placed In 
charge of one of the first priority tasks at the laboratory — ^the study of the 
characteristics of burning of powder composite charges in rocket chambers with nozzles. 
Thereafter he contributed a great deal to the design theories of powder rockets and the 
methods of calculating rocket loading wlfh charges of smokeless powder. The basic 
principles such as the burning of rocket charges were first advocated and confliroed In 
experiments he conducted. 

In 1929 B.S. Fetixpavlovsky was appointed director of experiments at ®L. Ife 
soon became the main scientific director of the laboratory. His name is connected with 
the rejection of the "actlve-Jet propulsion principle" and the switch that led to 
actually broadening the application of powder rockets designed in QDL. Uider Fetropavlosky, 
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the basic 2k nin solid conposlte charges made from FTP, vdiich were prepared In the laboratory 
shc^s In great quantities, were selected as the standard in GDL. llierefore, on this 
standard engineers devel<^>ed three basic sizes of scailed-up rocket chainbera of 68, 82, and 
132 nm calibers. Ihe latter two subsequaitly becaire the basic ceillbers of Soviet rocket 
missiles for decades: the RS-82 and the RS-132, later named "Katyusha." 

Various types of solid rocket projectiles were developed cxi the basis of the 
experlmmts and theoretical research conducted in GDL. Ihe main consideration was 
stability in flight, and the rockets were desigied to revolve around their longitudinal 
axl , rjaintalned by an outflow of gases through a tangential nozzle. However, with such 
an arrargenent for stabilization, about 25% of the rocket charge was lost in liif)arting 
the necessary rotation to the projectile. Thus, in developing the rocket projectiles, the 
collective of GDL had '"d.ed first of all to solve the problem of fllgit stability in order 
to achieve the hl^iest accuracy, launch of these rockets was acconpllshed from a tube. 

Hie first missiles were designed in GDL with calibers of 82 and 132 irni, and designated for 
aircraft. But the missile vdth the smaller caliber was also designated for firing as a 
hand-c^ierated anti-tank weapon. However, at this time the tuTbo-rocket missiles could 
not be silled as weapons because they were still under deirelopment. 

In 1929 j at the suggestion of V.I. Dudakov, work began at GDL on developing 
solld-^)ropellant rocket engines for accelerating the lift-off of aircraft. After 
N.I.- Tikhomirov's death on March 38, 1930, B.S. Petrc^avlosky was named head of CE)L, and, 
after December 1932, I.T. Kleimenov. During this period test pilot S.I. Muldiln played a 
slgilflcant role in the test work of GDL; he fired the 82 ran rotating rockets from a 
Y-1 aircraft and for the first time acconpllshed the first practical jet-assisted takeoff 
of the Y-1 and TB-1 aircraft. 

But by 1933 » tests of these same rockets with various shapes and with a number 
of different tall assemblies which did not exceed the caliber size showed that it was 
Impossible to maintain a steady flight and obtain satisfactory accuracy. Therefore, In 
mld-1933t a project Involving rockets with tall sections exceeding the size of the 
caliber of the projectile was undertaken. In order to launch these rockets, special 
aircraft firing stands had to be created with longltudlngil plates strengthened by curved 
cross-members. Soon, rockets with the new stabilizer deslgi were created. The dimensions 
of the tell assembly were 200 ran for the 82 ran rocket, and 300 ran for the 132 ran rocket. 

The first experimental launchings brought conpletely satlsfewtory results in accuracy. 

The RS-82 flew five km, the RS-132 Hew six km. 

This was as outstanding achievement of the Leningrad Geis Dynamics Laboratory, 
and detemdned the direction of future scientific research and experimental design work 
in the field of solld-prc^llant rockets in the USSR. Thus, GDL played a sigilf leant role 
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In the creation of the basic theories, planning design methods, and testing of rocket 
engines vilth the new, more powerful smokeless powder. 

In the interest of developing, strengthening, and broadening the work in rocket 
technology in the future, a move from a small organization to a large scientific research 
institute with a well-equipped laboratory and experimental base now appeared urgent. 

Utilizing the two most productive ftaictionlng organizations — Leningrad's GDL and Moscow's 
GIRD — in October 1933 a single Jet Propulsion Research Institute (RNII) was created, and 
GDL's work in powder rockets and on a series of other problems were- transferred to RNII. 

.<Vt this time a final design of the 82 mn and 132 nm rockets was almost conpleted and 
hrou^t to the stage of being put into productlcwi. Soon, serial production of 100-200 units 
of each type began. In the years to cone, G.E. Langemak, L.E. Shvarts, Yu. A. Pobedonostsev, 
M.K. Tlkhcraravov, P.N. Polda, M.S. Kesenko, V.A. Andreev and others worked on powder 
rockets in RNII. 

Aerodynamic testing of rockets vaa also ccxiducted by the ZJxikovsky Centred 
Institute of Aerohydrodynamlcs (TsAGI), vihere their stability in flight was tested using 
various sh^>es and sizes of tall sections. launches at the testing grounds were con- 
ducved using launch stands of various lengths. Geometrical eccentricity was measured 
Individually for each ixwket. Ihe character of the rocket flight was checked by tJie 
sraoJc? path and rapid filming. Beginning in 1935, systematic testing of » lid -propellant 
rocket launched ft?om 1-15, I-l6, and SB alrcreu't was carried out and returned positive 
results as to the accuracy of the rocket flight. Hie organization of work for the first 
extensive flight tests of the 82 ram rocket on the 1-15 filter was accomplished under the 
direction of G.E. Langemak. Test pilot G. Ja. Bakhchivandzhi, yiho later tested the first 
Soviet aircraft with a liquid-rocket engine, also took part. 

In 1937 a new design for launching rockets from aircraft was developed that in 
the future was even utilized in ground launching stands. Instead of a pair of longi- 
tudinal directing plates for each missile, engineers suggested installing a single directing 
plate for each missile in the sh^ of a T-slotted trou^. Ihe T-shape r .’c<posed by 
Engineer I. Belov, was approved. Ihe T, affixed to the missile, was inserted into the slot 
(Ml tne aui-craft wing v*ich serv«»d as the guiding rail. The 82 mi rockets (RS-82) were 
ready for practical use in Decen4>er 1937, and the 132 mn avlatlai roctets, in July 1938. 

The RS-132 was fired from SB aircraft vrtilch carried four rockets under each wing, fnom 
the I-16 aircraft with two rockets urxler each wing, and latei* from the IL-2 aircraft. In 
August 1939 these aviation rockets were successfully used in a tactical situation on the 
Khalln-Gol River in Mongolia. 
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At the beginning of 1937. RN’II was given the task of desigilng a raul vl-round 
ground launching -and using the T-slotted trough guiding rails adapted frcm aviatic»i. 

Ibward the end of 1938 the first models of the elf-prc^lled stands for volley firing of 
powder rockets were finished. 1. 1. Gvai directed their development. Prom December 8, 1938, 
until Pebivary 1939, the first tests of 1^2 inn powder rockets, fired from a multi- 
round base, were conducted. These tests showed that the sta:'-ds were rot yet i*eady as 
they afforded insufficient range and a low level of accuracy. But at the same time the 
tests desnonstrated the great possibilities of these rockets and their la'jnchlng stands. 

later in 1939, A.S. Popov, V.N. Galkovski', and A. Pavlenko submitted a new 
deslgi for the self-prqjelled l6-round launching stand. It was called MY-2, and, after 
serial production began, the BM-13* It consisted of 16 V-shaped trou^i-type g'ide rails, 
placed along the axis of the vehicle and rising over the driver's cab. Tn its construc- 
tlcai, every two guide rails were united at a cannon base. Ihe launchlnr sta j wcs 
mounted on the body of a powerful, trl-axIe - tomoblle — the ZIS-6. Tiie st'^-d allowed 
firing of all its missiles In 7-10 seconds. This f .ring stand was constructed in 
August 1939, and in S^tember-November factory testing was carr^-rd out that showed a hlj^ 
utility fi.ctor. The main rocket model fired from the ET4-13 stand was called M-13. It 
characteristics actually exceeded the performance of earlier rocket dcsigcs. Tiie rocket 
M-13 reached 8,470 meters with a payload of 4.9 ivs, a propellant supply of 7.1 kg and an 
engine thrust of 2,000 kg. The rocket had Impix'/ed aerodynamic characteristics which 
guaranteed sufficiently high accuracy. 

In late 1940 and at the beginning 1941, the M-13 rockets and the BM-13 launching 
stands urderwent final testing and development, and w'ere then turned over for mass pro- 
duction for the Anry. The successive accomplishment of the application of these rockets 
contributed to a considerable extent to rocket technology developed in the USSR in the 
post-war perioa. The outstanding results later achileved in our country in the development 
of rocket technology and in the conquest of space were to a si^iiflcant extent brought 
about because of the early success of thiese rockets. 



